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“I will study and get ready, and perhaps my chance will come”.

Abraham Lincoln
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LISTA DE ABREVIATURAS

Anisomicina

Corno de Amon 1, regido do hipocampo, que 0s primeiros
anatomistas julgaram ter formato semelhante ao chifre
presente em algumas representacées de Amon, rei dos
deuses da cidade de Tebas, na mitologia do Antigo Egito
Corno de Amon 3, regido do hipocampo com nome de
mesma origem da regido citada anteriormente

Coértex Entorrinal
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Dimetil sulfoxido, Do inglés: Dimethyl sulfoxide
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Injecéo Intra-Peritonial

Memoria de Curta Duracao

Memoria de Longa Duracao

Estado Pertencente aos Estados Unidos da América, Do
inglés: Missouri

Reconhecimento de Objetos
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RESUMO

Muitos estudos indicam que a formacao e a persisténcia da memdria de longa
duracdo necessitam da sintese de novas proteinas em especificas areas do
cérebro. Neste trabalho demonstramos que a microinfusdo de Anisomicina
(ANI, 160 mg/ml), Emetina (EME, 50 mg/ml) e Ciclohexemida (CHX, 20mg/ml),
inibidores de sintese protéica, quando administrados imediatamente, mas nao
3h ou 6h apos o treinamento na tarefa de reconhecimento de objetos prejudica
a retencdo da memoria de longa duragdo, ndo afetando a memoria de curta
duracédo, assim como nao afeta as atividades comportamentais. Quando ANI,
EME e CHX sdo administradas no cortex entorrinal, logo apds uma sessao de
reativacdo envolvendo objetos iguais ou a combinacdo de um objeto familiar e
um objeto novo, ndo afetam a persisténcia do processo de consolidacao.
Nossos dados sugerem que a sintese de proteinas no cértex entorrinal é
necessaria ap0s o0 treinamento para a consolidacdo da memoria de
reconhecimento de objetos. Entretanto, a sintese de proteinas nesta regido do
cérebro ndo parece ser necessaria para a reconsolidacdo da memoéria de

reconhecimento de objetos.



ABSTRACT

Several studies indicate that formation and persistence of long-term memory
entail the induction of protein synthesis in specific areas of the brain. Here we
show that microinfusion of the protein synthesis inhibitors Anisomycin (ANI, 160
mg/ml), Emetine (EME, 50 mg/ml) and Cyclohexemide (CHX, 20mg/ml) in the
entorhinal cortex immediately but not 3h or 6h after training rats in an object
recognition learning task hinders long-term memory retention without affecting
short-term memory or behavioral performance. When given into the entorhinal
cortex after a memory reactivation session involving familiar objects or a
combination of familiar and novel objects neither anisomycin nor emetine
affected persistence of the consolidated trace. Our data suggest that protein
synthesis in the entorhinal cortex is necessary early after training for
consolidation of object recognition memory. However, reconsolidation of the
recognition trace after retrieval does not seem to require protein synthesis in

this area of the brain.
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|. APRESENTACAO DO TEMA

No curso da evolugdo da vida na Terra, a capacidade de armazenar
informacdes permitiu que 0s seres vivos se beneficiassem de experiéncias
passadas para resolver problemas do dia a dia. Deste modo, tem sido
observado que o0s grupos taxonomicamente mais antigos, como 0s
invertebrados apresentam alguma capacidade mnemaonica. No caso especifico
dos seres humanos a memoria exerce um papel ainda mais nobre. Funciona
como um arcabougo que armazena nossa historia pessoal. Assim, € possivel
que mudemos com o passar dos anos’.

Os termos aprendizado e memodria possuem diferengcas marcantes,
embora muitas vezes sejam interpretados como sinénimos. Podemos definir
aprendizado como um processo que produz uma alteracdo relativamente
permanente no comportamento real ou potencial que ocorre como
conseqiiéncia da pratica ou da experiéncia®. J& a memoéria seria a unidade
informacional mais ou menos permanente, produto do processo denominado
aprendizado. O conceito de memoria inclui a aquisicdo, a formacédo, a
conservacao e a evocacao de informacdes. Somente o que foi gravado pode
ser lembrado e s6 é lembrado o que foi aprendido, ou seja, necessitamos
aprender para gravar e gravar para evocar. Podemos dizer que a nossa
memoria nos faz ser o que somos e aquilo que algum dia nés seremos.
Entretanto, a soma daquilo que esquecemos nos faz tnicos®.

Nem todas as memorias sdo iguais. Existem aquelas que perduram
apenas o tempo suficiente para que possamos utiliza-las, mas também existem
aguelas que persistem pelo resto de nossas vidas. Ha& memoérias que dizem
guem somos, de onde viemos e ajudam a predizer para onde vamos. Também
formamos memoarias que nos permitem realizar tarefas como, andar de bicicleta
ou até escrever no computador este projeto. As memorias ainda podem ser
classificadas de acordo com o0 seu tempo de duracdo (tabela 1) como
memorias sensoriais, memoérias de curta duracdo e memorias de longa

duracéo.



Tabela 1: Classificagdo das memorias de acordo com o tempo que perduram.

Tempo de

permanéncia Caracteristicas

Retém a breve impressdo de um estimulo apos este
ter desaparecido, ou seja, depois que o sistema
sensorial correspondente deixa de enviar informacao
ao cérebro.

Memorias Sensoriais Poucos segundos.

Permite manter “na mente” e em um estado ativo e
Menos de 3 horas. | facilmente acessivel, uma pequena quantidade de
informacao.

Memérias de Curta
Duragéo (MCD)

Contém itens informacionais de diversa indole
altamente interconectados entre si 0s quais se
encontram armazenados de maneira mais ou menos
permanente constituindo um sistema de arquivo
dinamico.

Memodrias de Longa | Dias, meses, anos,
Duragéo (MLD) a vida toda.

As memorias sensoriais sdo mantidas por alguns segundos e retém a
breve impressdo de um estimulo apds este haver desaparecido. As memdrias
de curta duracdo (MCD), também conhecidas como ativas ou primarias, sao as
memorias que perduram por algumas horas e armazenam uma pequena
quantidade de informacdo. Ja as MLD sdo aquelas que normalmente nos
referimos quando coloquialmente falamos de “memodria’. Essas memodrias
armazenam uma grande quantidade de informacdes que apresentam, as
vezes, uma alta complexidade de conexdes. As MLD podem perdurar anos ou
até mesmo a vida inteira”,

As MLD também podem ser classificadas quanto ao seu conteudo,
sendo separadas em explicitas e implicitas (Tabela 2). As memoarias explicitas
contém informagfes que usualmente sabemos que possuimos e as quais
temos acesso consciente. Este tipo de memoéria inclui o conhecimento sobre
nossa histéria pessoal e sobre 0 mundo que nos rodeia e podem ser divididas

em duas subclasses: as memodrias episddicas e as memérias semanticas>®.




Tabela 2: Classificagdo das memarias de longa duracdo de acordo com o contetdo.

Caracteristicas Subdivisdes e caracteristicas

Guardam informac&o acerca de

Episddicas — .
nossas proprias vidas e eventos.
Informagbes que
Explicitas usualmente sabemos que Armazenam informacées acerca
(Declarativas) possuimos e a qual temos GOes
acesso consciente do mundo que nos rodeia, mas
' Semanticas gue lembramos sem saber
como, quando e onde as
adquirimos.

Representacdes (imagens, sons)
sem significado aparente
Representacdo | conhecido, mas Uteis como dicas

perceptual facilitatorias da evocacao de
informacdes inerentes; memoria
Informagdes as quais ndo pré-consciente (priming).
temos acesso consciente,
tal como a informacgé&o Procedimentos Habitos, habilidades, regras.
| . obtida a partir de
mplicitas - .

(Nao-declarativas) aprendizados S"T‘p'es - - - -
como aqueles derivados Associa dois ou mais estimulos
pelo treino em tarefas de (condicionamento classico), ou
condicionamento classico Associativa um estimulo a uma resposta

e habituacgéo. (condicionamento operante).
Atenua uma resposta
Nao (habituacédo) ou a aumenta
associativa (sensibilizacdo) através da
repeticdo de um mesmo
estimulo.

Quando recém adquiridas, as memodrias sdo débeis e susceptiveis a
acdo de distintos tratamentos amnésicos. Porém, com o decorrer do tempo as
memorias vao sendo progressivamente estabilizadas e fazendo-se resistentes
aos agentes amnésicos através de um processo dependente de sintese de
proteinas denominado consolidacdo>’®. A evocacdo pode tornar uma meméria
ja consolidada novamente labil a acdo de distintos farmacos capazes de
bloquear certos aspectos do metabolismo neuronal e de inibir a sintese
protéica. Isto sugere a existéncia de um processo dependente da sintese de
proteinas encarregado de re-estabilizar o traco que resultou debilitado como
conseqiiéncia de sua reativacdo® %1213,

Na década de 1950, Berlyne destacou que fatores como a novidade e a
curiosidade sdo determinantes no comportamento exploratério de roedores™.
Apoés alguns anos, foi proposto um paradigma para o estudo deste tipo de
memodria, a tarefa de Reconhecimento de Objetos (RO)™. Essa tarefa baseia-

se na andlise e observacdo de situacdes, eventos e/ou artefatos, familiares e



novos. Sabe-se que a consolidacdo da memoria de RO requer o funcionamento
normal da maquinaria celular encarregada da sintese de proteinas em distintas
estruturas do lobo temporal. Além disso, experimentos recentes sugerem que a
evocacao da memoéria de RO torna o traco mnemaonico novamente suscetivel a
intervencdes farmacologicas tanto no cortex pré-frontal como no
hipocampo®*"*8. Pouco se sabe sobre a participacdo do Cértex Entorrinal (CE)
em relagdo aos mecanismos existentes na evocacdo da memoria de RO.

Anatomicamente o CE situa-se no lobo temporal do encéfalo, podendo
haver pequenas variagcbes em sua localizacdo ao analisarmos grupos
taxonomicamente distintos. Entre os roedores, o CE € localizado na regido
caudal do lobo temporal. Porém entre os primatas é situado no final da regiédo
rostral, possuindo extensdes até a regiao dorsolateral do lobo temporal. O CE é
dividido em regido medial e regido lateral, as quais sdo compostas por
camadas. Essas camadas possuem distintas propriedades e conexdes entre
elas. A camada superficial Il possui projecdes para o giro dentado e para a
regido CA3 do hipocampo. A camada IIl possui projecdes para a regidao CAl e
para o subiculo. Uma caracteristica importante do CE é a camada IV, também
chamada de lamina dissecans, pois ndo possui corpo celular algum. As
camadas mais profundas, especialmente a camada V, recebem aferéncias do
hipocampo e de maneira reciproca conectam-se com outras regides
corticais®®?%%,

O CE tem um papel chave na formacdo, evocacdo e extincdo de
memorias. Essa regido cortical tem sido considerada parte fundamental nos
circuitos que abrangem também o hipocampo, os nucleos amidaléides e muitas
outras regides do neocértex em particular o cértex pré-frontal®>?. As
evidéncias sobre o papel do CE em todas as formas de aprendizado
relacionadas as patologias humanas surgiram a partir da analise do famoso
paciente H.M.?*%, até casos relativos a humanos com algum déficit cognitivo
e/ou portadores da doenca de Alzheimer (DA) em seus estagios iniciais®.

A DA é caracterizada clinicamente por um déficit cognitivo progressivo e
patologicamente por um declinio massivo de neurbnios. Entretanto, um
diagnéstico neuropatolégico s6 € possivel com andlise histopatoldgica do
tecido cerebral para a identificacdo de placas amiléides e dos emaranhados

neurofibrilares?’. Essas lesdes sdo primeiramente encontradas no CE e



posteriormente no hipocampo atingindo posteriormente também outras regifes
corticais. Lesdes similares e com localizacdo semelhante sdo observadas em
individuos idosos, com ou sem déficit cognitivo aparente. Tem sido descrito que
as placas amildides e os emaranhados neurofibrilares sdo encontrados em
pequenas quantidades em individuos normais a partir dos 20 anos de idade,
aumentando de volume com o passar dos anos, porém nunca atingindo graus

tdo elevados como visto na DA>?%2%3031

Deste modo, alguns autores
acreditam que o resultado da doenca é consequéncia de um aumento do
quadro histolégico normal.

Tendo em vista a complexidade do processo mnemonico e as inumeras
estruturas neurais envolvidas neste processamento, € de grande importancia
estudos onde se investiguem a memoria correlacionando o CE, a DA e o

envelhecimento.



II. OBJETIVOS

1.1 Objetivo Geral

O objetivo do presente estudo foi verificar o requerimento de sintese de

proteinas no CE durante a consolidacéo e reconsolidacdo da memoéria de RO.

Il.2 Objetivos Especificos

- Verificar o requerimento de sintese de proteinas no CE durante o
processo de consolidacdo do traco mnemaonico, através da infusdo bilateral de
inibidores de sintese protéica, em distintos tempos apds o treino na tarefa de
RO.

- Estudar a necessidade de sintese protéica no CE durante o processo
de reconsolidacdo do traco mnemodnico, através da infusdo bilateral de
inibidores de sintese protéica, em diferentes tempos ap0s a expressao da
memoria associada a tarefa de RO.

- Avaliar se a sintese protéica é requerida no CE para a formacéo de
memorias de curta duracdo, através da infusdo bilateral de inibidores de

sintese de proteinas logo apds o treinamento na tarefa de RO.
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Abstract

Memory consolidation and reconsolidation require the induction of
protein synthesis in some areas of the brain. Here, we show that infusion of the
protein synthesis inhibitors anisomycin, emetine and cycloheximide in the
entorhinal cortex immediately but not 180 min or 360 min after training in an
object recognition learning task hinders long-term memory retention without
affecting short-term memory or behavioral performance. Inhibition of protein
synthesis in the entorhinal cortex after memory reactivation involving either a
combination of familiar and novel objects or two familiar objects does not affect
retention. Our data suggest that protein synthesis in the entorhinal cortex is
necessary early after training for consolidation of object recognition memory.
However, inhibition of protein synthesis in this cortical region after memory

retrieval does not seem to affect the stability of the recognition trace.



Introduction

Recognition memory allows to distinguish familiar from novel entities
(Squire et al., 2007). Functional integrity of the medial temporal lobe is essential
for encoding and expression of this type of information (Ennaceur & Delacour,
1988; Logothetis & Sheinberg, 1996; Clark, Zola & Squire, 2000; Riesenhuber &
Poggio, 2002). Indeed, the anterograde amnesia observed in several patients
with medial temporal lobe damage is characterized by the loss of recognition
memory (Scoville & Millner, 1957). However, different areas of the medial
temporal lobe seem to deal with different aspects of recognition memory
processing (Balderas, Rodriguez-Ortiz, Salgado-Tonda, Chavez-Hurtado,
McGaugh & Bermudez-Rattoni, 2008). Thus, while the hippocampus is
essential for remembering contextual details and the temporal order of previous
experiences, the perirhinal cortex appears to be mainly involved in familiarity
detection (Brown & Aggleton, 2001; Rossato, Bevilaqua, Myskiw, Medina,
Izquierdo & Cammarota, 2007; Myskiw, Rossato, Bevilaqua, Medina, Izquierdo
& Cammarota, 2008; Suchan, Jokisch, Skotara & Daum, 2007).

The entorhinal cortex (EC) plays a crucial role in the communication
between the hippocampus and sensory/association cortical areas. Indeed, the
EC is the main source of projections to the hippocampus and also the primary
output structure of the hippocampal formation (Canto, Wouterlood & Witter,
2008). The most prominent entorhinal output is directed to the perirhinal cortex
which, in turn, regulates transmission of neocortical inputs to the EC (Pinto,
Fuentes & Paré, 2006), suggesting that most hippocampal-cortical connections
are controlled by a relay involving entorhinal-perirhinal interactions (Insausti et
al., 1997). However, although inactivation of the EC impairs different types of
hippocampus-dependent memories, including spatial, contextual and aversive
learning (Ramirez et al., 1988; Ueki et al.,, 1994; Miwa & Ueki, 1996;
Eijkenboom et al., 2000; Parron & Save, 2004a; Kopniczky et al., 2006;
Bevilaqua et al., 2007), and it has been demonstrated that excitotoxic lesion of
the EC impairs recognition (Parron & Save, 2004b; Mumby & Pinel, 1994;
Galani, Weiss, Cassel & Kelche, 1998) little is known about the participation of
the EC in object recognition (OR) memory. Considering that long-term memory
(LTM) requires experience-dependent protein synthesis in areas of the brain

relevant for information processing (Flexner, Flexner, Stellar, De La Haba &

10



Roberts, 1962; Flexner, Flexner, Roberts & De La Haba, 1965; Barondes &
Cohen, 1967; Glassman et al., 1969; Squire & Barondes, 1972; Matthies et al.,
1974; Flood, Bennett, Orme & Rosenzweig, 1975; Dunn & Leibmann, 1977;
Davis & Squire, 1984; Luft, Buitrago, Ringer, Dichgans & Schulz, 2004; Gold et
al., 2008; Rudy et al.,, 2008) we examined whether induction of protein
synthesis is necessary in the entorhinal cortex for consolidation of OR LTM.
Because evidence suggests that after retrieval OR LTM may briefly return to a
fragile state and in order to persist must undergo a protein synthesis-dependent
reconsolidation process (Kelly, Laroche & Davis, 2003; Bozon, Davis, &
Laroche, 2003; Akirav & Maroun, 2006; Rossato et al., 2007, Maroun & Akirav,
2008) we also analyzed whether post-retrieval inhibition of protein synthesis in

the EC affects OR memory retention.

Materials and Methods

Subjects, surgery and drug infusion: Naive male Wistar rats (3-month-old
280-300 g) raised in our own facilities or bought at FEPPS (Fundacéo Estadual
de Producao e Pesquisa em Saude do Rio Grande do Sul, Porto Alegre, Brazil)
were used. The animals were housed 5 to a cage and kept with freely access to
food and water under a 12/12 light/dark cycle (lights on at 7:00 AM). The
animal's room temperature was maintained at 22-24°C. Rats were bilaterally
implanted with 27-gauge stainless steel cannulas into the entorhinal cortex
under thiopental anesthesia (30-50 mg/kg). Coordinates were (in mm) 6.8
posterior to bregma, 5.0 lateral to the midline, and 8.1 ventral to the skull
surface (Paxinos & Watson, 1986). Rats were given at least 4 days to recover
before the experimental procedures. At the time of drug delivery, 30-gauge
infusion cannulas were fitted into the guides. Infusions (1 nl/side) were carried
out over 60 s using an infusion pump (KDS-200; kdScientific, USA). Placement
of the cannulas was verified postmortem: 2-4 h after the last behavioral test, 1
ul of a 4% methylene-blue solution was infused as described above and the
extension of the dye 30 min thereafter was taken as an indication of the
presumable diffusion of the vehicle or drug previously injected. Only data from
animals with correct implants were analyzed. All procedures were conducted in

accordance with the “Principles of laboratory animal care” (NIH publication N°
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85-23, revised 1996). Every effort was made to reduce the number of animals
used and to minimize their suffering.

Drugs: Anisomycin (ANI), emetine (EME) and cycloheximide (CHX) were
purchased from Sigma (St Louis, MO, USA). EME and CHX were dissolved in
DMSO. ANI was dissolved in 1 M HCI, diluted in saline and the pH adjusted to
pH 7.2-7.5 with NaOH. All drugs were stored in a light-proof container at -20°C.
Immediately before use, aliquots were thawed and diluted to working
concentration with saline.

Object recognition task: The object recognition task was conducted in an
open-field arena (60 x 40 x 50 cm) built of polyvinyl chloride plastic, plywood
and transparent acrylic. Before training the animals were habituated to the
experimental arena by allowing them to freely explore it 20 min per day for 4
days in the absence of stimulus objects. The stimulus objects were made of
metal, glass or glazed ceramic. There were several copies of each object, which
were used interchangeably. Glued to the base of each object was a rounded
piece of Velcro, which was used to fix the objects to the arena’s floor. The role
(familiar or novel) and the relative position of the 2 stimulus objects were
counterbalanced and randomly permuted for each experimental animal. All
objects were behaviorally irrelevant and equally conspicuous for the rats as
determined in pilot experiments and in previous reports (Rossato et al., 2007;
Myskiw et al., 2008; Clarke, Rossato, Monteiro, Bevilaqua, lzquierdo &
Cammarota, 2008). The open field arena and the stimulus objects were cleaned
thoroughly between trials to ensure removal of olfactory cues. Exploration was
defined as sniffing or touching the stimulus object with the nose and/or
forepaws. Sitting on or turning around the objects was not considered
exploratory behavior. A video camera was positioned over the arena and the
rats’ behavior was recorded using a video tracking and analysis system for later
evaluation. The experiments were performed by an observer blind to the
treatment condition of the animals. Data were expressed as percentage of the
total exploration time in seconds.

Object recognition memory acquisition protocol: On day 1, rats were
placed in the open field containing 2 different objects and left to freely explore
them for 5 min. The test session was performed either 180 min (to analyze

short-term memory; STM) or 24 hr after training (to evaluate LTM retention). In
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the test sessions one of the objects was randomly exchanged for a novel object,
and rats were reintroduced into the open field for 5 additional minutes.

Object recognition memory reactivation protocol: On day 1, rats were exposed
to two different objects for 2 or 5 min. Twenty-four or 120 hours later, rats were
re-exposed to the same two objects or exposed to of one the sample objects

plus a new object for 2 or 5 min to reactivate the memory trace.

Results

To analyze whether protein synthesis in the EC is necessary for OR
LTM, rats were trained in an object recognition task and, at different times after
training, received bilateral intra-EC infusions of the protein synthesis inhibitor
anisomycin (ANI; 160 pg/side; Rossato et al., 2007) or vehicle (VEH). Memory
retention was evaluated 24 h posttraining. In the test session the animals were
exposed for 5 min to one of the familiar objects presented during training
together with a novel object. Rats that received VEH preferentially explored the
novel object (tg=4.57, p<0.005 in one-sample Student’s t test with theoretical
mean=50). Conversely, animals given ANI immediately (0 min) but not 180 min
or 360 min after training spent the same amount of time exploring the two
objects (Fig 1; tg=3.80 and tg=4.72, p<0.005 in one-sample Student’s t test
with theoretical mean=50 for ANI at 180 and 360 min posttraining, respectively).

It has been reported that, besides inhibiting protein synthesis, ANI may
also disrupt other neural functions to interfere with memory formation (Canal,
Chang & Gold, 2007). In order to rule out any ambiguous interpretation of our
results, we analyzed the effect on OR LTM of two other widely used protein
synthesis inhibitors, emetine (EME; Stollhoff, Menzel & Eisenhardt, 2008; 2005;
Kraus, Schicknick, Wetzel, Ohl, Staak, Tischmeyer, 2002; Patterson, Alvarado,
Rosenzweig & Bennett, 1988) and cycloheximide (CHX; Lai, Fan, Cherng,
Chiang, Kao & Yu, 2008; Yu, Akalal & Davis, 2006; Duvarci, Nader, LeDoux,
2005; Pedreira, Pérez-Cuesta & Maldonado, 2004; Agin, Chichery, Maubert &
Chichery, 2003). EME (50 pg/side) and CHX (20 pg/side) hampered OR LTM
when infused in the EC immediately after training but had not effect when given
in that cortex 180 min or 360 min posttraining (Fig 2; tg=4.96, p<0.005 and
t=2.80, p<0.05 for EME at 180 and 360 min posttraining, and tg=3.18, p<0.05
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and tg=4.81, p<0.005 in one-sample Student’s t test with theoretical mean=50
for CHX at 180 and 360 min posttraining).

When administered immediately after training, neither ANI nor EME or
CHX affected OR STM as evaluated 180 min thereafter (Fig 3; tg=3.19, p<0.05;
t=4.72, p<0.005 and t=5.51, p<0.001 in one-sample Student’s t test with
theoretical mean=50 for ANI, EME and CHX, respectively).

To analyze whether inhibition of protein synthesis in the EC after retrieval
affects persistence of the OR LTM trace, 24 h post-training rats were re-
exposed for 5 min to the same objects presented during training and
immediately after that received bilateral intra-EC infusions of ANI (160 ug/side).
If protein synthesis in the EC were necessary for reconsolidation of recognition
LTM then, when challenged with a familiar and a novel object one day after
reactivation, the animals that received ANI after retrieval should not show
preference for any object. However, as can be seen in Fig 4, when confronted
with a familiar and a novel object on day 3, both VEH- and ANlI-treated animals
preferentially explored the novel one (tg=3.97 and tg=3.39 for the objects A
and C; and tg=9.18 and tg=4.33 for the objects B and C in one-sample
Student’s t test with theoretical mean=50).

It has been suggested that the amnesia induced by some agents when
given after retrieval may depend on the length of the memory reactivation
session or the age of the mnemonic trace. However, post-retrieval intra-EC
administration of ANI had no effect on OR LTM persistence when the trace was
reactivated during 2 min instead of 5 min or when the reactivation session was
carried out 120 h instead of 24 h after training (data not shown). We have
previously demonstrated that retrieval in the presence of a novel object renders
the reactivated recognition memory again susceptible to inhibition of
hippocampal protein synthesis (Rossato et al., 2007). Nonetheless, as can be
seen in Fig 5, ANI did not affect persistence of the OR LTM trace when given in
the EC immediately after a reactivation session involving a familiar and a novel

object.

Discussion
Our data show that posttraining intra-EC administration of ANI hinders

OR LTM without affecting STM retention. This effect was time dependent and
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mimicked by two other protein synthesis inhibitors, EME and CHX, suggesting
that it was not due to a delayed detrimental action on perception, performance
or on EC functionality and endorsing the hypothesis that consolidation of OR
LTM requires protein synthesis in the EC during an early posttraining time
window. This observation is important inasmuch it has been recently suggested
that the amnesic effect of ANI could be due to a phenomenon different from
protein synthesis inhibition (Canal et al., 2007; Radulovic & Tronson, 2008;
Rudy, 2008).

The EC is usually perceived simply as a convergent point of cortico-
hippocampal circuitry (Canto et al., 2008). Indeed, it was earlier proposed that
the role of the EC during recognition would be restricted to maintaining the
hippocampus in an "on" state to allow for the encoding of sensory information
(Lee & Kesner, 2003; Nakazawa, Sun, Quirk, Rondi-Reig, Wilson & Tonegawa,
2003, Jensen & Lisman, 2005). However, our results suggest that the EC is not
just a mere linking hub between the hippocampus and the neocortex but plays,
instead, a key role in the consolidation of recognition memory in an enduring
and useful form. Our findings are in line with others emphasizing the possible
participation of the EC as a vital higher-order association center supporting LTM
storage. Thus, reversible inactivation of the EC interferes with consolidation of
aversive memory (Ferreira et al., 1992) and evidence indicates the EC takes
part of a network supporting the lasting storage of non-spatial as well as spatial
memories (Ross & Eichenbaum, 2006; Hebert & Dash, 2002). Moreover, it has
been shown that grid cells in the EC are part of an environment-independent
system that organizes positional, directional and translational information
(Sargolini, Fyhn, Hafting, McNaughton, Witter et al., 2006) and operates in a
way complementary to that of the hippocampus (Hebert & Dash, 2004).

Unexpectedly, although the EC forms strong reciprocal connections with
the perirhinal cortex (Pinto et al., 2006; Kerr, Agster, Furtak & Burwell, 2008)
and relays polymodal sensory information to the hippocampus (Furtak, Wei,
Agster & Burwell, 2007), two brain regions that play crucial roles in OR LTM
reconsolidation (Akirav & Maroun, 2007; Rossato et al.,, 2007; Myskiw et al.,
2008, Balderas et al., 2008), inhibition of protein synthesis in the EC after
retrieval does not affect persistence of the recognition trace. This lack of effect

is even more surprising since it has been reported that retrieval of OR memory
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induces the phosphorylation of ERK1/2 in the EC (Kelly, Laroche & Dauvis,
2003), a step necessary for reconsolidation of different memory types in other
brain regions (Duvarci, Nader & LeDoux, 2005; Miller & Marshall, 2005; Valjent,
Corbillé, Bertran-Gonzalez, Hervé & Girault, 2006).

It is known that different factors, including the training-reactivation delay,
the length of reactivation and the availability of relevant emotional or contextual
cues at the moment of retrieval, determine the involvement of different brain
areas in reconsolidation or even its occurrence (Pedreira & Maldonado, 2003;
Cammarota et al., 2004; Suzuki et al., 2004; Power et al., 2006). In this respect,
it has been shown that the effect of perirhinal cortex lesions on OR memory
persistence depends on the number of exposures to the sample objects
(Mumby, Piterkin, Lecluse & Lehmann, 2007) and Maroun and Akirav (2008)
recently reported that presentation of an out-of context stressor impairs
reconsolidation of OR memory in aroused but not in non-aroused rats. In the
same way, we have previously shown that the hippocampus is engaged in OR
memory reconsolidation only when new information is accrued to the original
trace (Rossato et al., 2007). However, inhibition of EC protein synthesis after
retrieval failed to affect persistence of the original OR memory regardless of the
reactivation-test interval, the duration of the reactivation session or the
introduction of a novel stimulus object during this session, suggesting that
protein synthesis in the EC is not necessary for OR LTM reconsolidation, an
observation that underlines the fact that, as for other memory types,
reconsolidation of OR LTM is not simply the recapitulation of consolidation
(Tronson & Taylor, 2007).
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Fig 1: Post-training infusion of anisomycin in the entorhinal cortex blocks
consolidation of object recognition long-term memory. On day 1 (Sample
phase) rats (n=54) were exposed to 2 different objects (A and B) for 5 min and,
at different times after that (0, 180 or 360 min), received bilateral infusions (1
pl/side) of vehicle (VEH) or anisomycin (ANI; 160 pg/side) in the entorhinal
cortex. On day 2 (Test phase) the animals were exposed to a familiar (A) and a
novel object (C) for 5 additional minutes to assess OR LTM retention. Data are
presented as mean (x SEM) of the percentage of time exploring a particular
object over the total time of object exploration. **p<0.005 in one-sample
Student’s t-test with theoretical mean=50; n=9 per group. Note that the animals
that received ANI immediately after the sample phase spent the same amount
of time exploring objects A and C during the test phase (Day 2; 0 min - ANI).
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Fig 2: Post-training infusion of emetine and cycloheximide in the
entorhinal cortex blocks consolidation of object recognition long-term
memory. On day 1 (Sample phase) rats (n=108) were exposed to 2 different
objects (A and B) for 5 min and, at different times after that (0, 180 or 360 min),
received bilateral infusions (1 pl/side) of vehicle (VEH), emetine (EME; 50
pg/side) or cycloheximide (CHX; 20 pg/side) in the entorhinal cortex. On day 2
(Test phase) the animals were exposed to a familiar (A) and a novel object (C)
for 5 additional minutes to assess OR LTM retention. Data are presented as
mean (x SEM) of the percentage of time exploring a particular object over the
total time of object exploration. ***p<0.001, **p<0.005 and *p<0.05 in one

sample Student’s t-test with theoretical mean=50; n=9 per group.
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Fig 3: Posttraining inhibition of protein synthesis in the entorhinal cortex
does not affect object recognition short-term memory. Rats (n=36) were
exposed to 2 different objects (A and B) for 5 min (Sample phase) and
immediately after that received bilateral infusions (1 pl/side) of vehicle (VEH),
anisomycin (ANI; 160 pg/side), emetine (EME; 50 pg/side) or cycloheximide
(CHX; 20 pg/side) in the entorhinal cortex. Three hours later (Test phase),
animals were exposed to a familiar (A) and a novel object (C) for 5 additional
minutes. Data are presented as mean (x SEM) of the percentage of time
exploring a particular object over the total time of object exploration. ***p<0.001,
**p<0.005 and *p<0.05 in one sample Student’s t-test with theoretical mean=50;

n=9 per group.
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Fig 4: Inhibition of protein synthesis in the entorhinal cortex after a
reactivation session involving exposure to familiar objects does not affect
retention of object recognition long-term memory. Rats with infusion
cannulas implanted in the entorhinal cortex (n=54) were exposed to two
different objects (A and B) for 5 min (Sample phase, Day 1). Twenty-four hours
later the animals were re-exposed for 5 additional minutes to the same two
objects to reactivate the OR memory trace (Reactivation phase, Day 2) and
immediately after that received bilateral infusions of vehicle (VEH) or
anisomycin (160 pg/side; ANI) in the entorhinal cortex. Retention was assessed
24 h later by exposing the animals to the familiar objects A or B plus a novel
object C (Test phase, Day 3). Note that the animals spent more time exploring
the novel object C than the familiar objects A and B, indicating that memory had
been preserved. **p<0.001 and **p<0.005 one sample Student’s t-test with
theoretical mean=50; n=9 per group. The arrow-head indicates the moment of
drug infusion.

29



Group 1 Group 2 Group 3 Group 4

24 hs *:h:nn |
——N.——HB 8 B &

Sample phase React. phase Test phase

Sample phase React. phase Test phase
(Day 1) (Day 2) (Day 3)
I 1 L L L 1 1
1004 1004 1009 100

75 759

50 - i -
2359 251
0- o<

Fig 5: Inhibition of protein synthesis in the entorhinal cortex after a
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reactivation session involving exposure to a novel and a familiar object
does not affect retention of object recognition long-term memory. Rats
with infusion cannulas implanted in the entorhinal cortex (n=72) were exposed
to two different objects (A and B) for 5 min (Sample phase; Day 1). Twenty-four
hours later the animals were exposed to the familiar object A together with a
novel object C (Reactivation phase; Day 2). Rats were randomly assigned to
one out of four different groups and immediately after that received bilateral
infusions of vehicle (VEH) or anisomycin (160 ug/side; ANI) in the entorhinal
cortex. Twenty-four hours later the animals were submitted to a 5 min-long test
phase (Test phase; Day 3) in the presence of different combinations of objects,
as follows. Group 1= Object A + Object D; Group 2= Object B + Object D;
Group 3= Object C + Object D, where D was a novel object, and Group 4=
Object A + Object B. Note that ANI impaired retention of the memory for the
novel object C first presented during the reactivation session but spared
memory for familiar objects A and B. ***p<0.001 and **p<0.005 one sample
Student’s t-test with theoretical mean=50; n=9 per group. The arrow-head

indicates the moment of drug infusion.
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IV. CONSIDERACOES FINAIS

O declinio cognitivo observado durante o envelhecimento € observavel
pela significativa perda da memoria. Acredita-se que tais efeitos sejam
causados principalmente por uma significativa reducéo na capacidade plastica
das células neuronais™.

Como previamente descrito, a DA leva a um agravamento observavel
por técnicas histoldgicas na morfologia, nimero de bot6es sinapticos e nimero
de neurbnios no SNC, em relacdo ao que ocorre nos processo fisiologico de
envelhecimento®?4293%3! Desta forma, a DA parece prejudicar a cognicéo de
maneira semelhante ao envelhecimento normal, embora sua severidade e
velocidade sejam infinitamente superiores (ver também para opinides
divergentes®334).

O objetivo central desta dissertacdo foi verificar a necessidade de
sintese de novas proteinas no CE durante os processos de consolidacdo e
reconsolidacdo da memodria de reconhecimento de objetos em ratos, um
paradigma comportamental amplamente utilizado para o estudo neuroquimico
e neurofarmacologico de memorias declarativas. As memarias declarativas sédo
aquelas que armazenam informag¢Bes as quais temos acesso consciente;
inclusive aquelas pertinentes a fatos, eventos e objetos®®*. Nestas memérias
baseia-se nosso conhecimento acerca da vida e do mundo, e sdo elas que
definem a maneira como interagimos com outros individuos e com o0s
diferentes componentes ambientais que nos rodeiam. Por serem determinantes
das caracteristicas da personalidade de cada individuo, a falha no seu
processamento acarreta consequéncias devastadoras.

Este estudo possui relevancia basica e clinica, buscando facilitar o
entendimento das vias moleculares que envolvem a consolidacdo e a
reconsolidacdo das memorias declarativas, possibilitando assim um
desenvolvimento clinico no que diz respeito a novas terapias e tratamentos de

doencas neurodegenerativas.
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